. Free energies at 353 K for H-shift and C-shift reactions on Sn-O-Si bridges on 1a and 1b. Electronic energies were calculated using basis set B (see computational methods), and zero-point corrections and entropic contributions were calculated using basis set A. Free energies are reported with respect to isolated glyceraldehyde and catalyst. Table S2 . Free energies at 353 K for H-shift and C-shift reactions using the SiOH moiety in 1a. Electronic energies were calculated using basis set B (see computational methods), and zero-point corrections and entropic contributions were calculated using basis set A. "sb" indicates a pathway in which the silanol transfers protons to a Sn-O-Si bridge, "la" indicates an acac ligand interacting with O3 of the sugar, "lb" indicates an acac ligand assisting the H-shift through an interaction with the transferring H, and "sl" indicates a proton transfer between the silanol and a ligand O. Free energies are reported with respect to isolated glyceraldehyde and catalyst. 
Sn-O-Si

Bader Analysis of H/C-shift Transition States on 1a
During the bidentate H-shift reaction, the C2-H bond is stretched from 1.10 to 1.36 Å at the TS. The electron density ρ at the BCP decreases from 0.168 to 0.121, indicating a weakening of the bond, and the Laplacian ∇ 2 (ρ) changes sign, from -0.139 to 0.102, indicating a switch from a region of local charge concentration to charge depletion. The ellipticity of the C2-H BCP increases from 3.12e-4 to 3.74, further indicating a dramatic weakening of the bond. At the H-shift TS, the transferring H does not yet have a bond with C1, even though the C1-H distance is only 1.38 Å; no C1-H BCP is observed, nor is there a (3,+1) ring critical point (RCP) present in the C1-C2-H triangle.
Likewise, in the bidentate C-shift reaction, the C2-C3 bond is stretched from the reactant to the C-shift TS, which is accompanied by a decrease in ρ (from 0.173 to 0.078), an increase in ∇ 2 (ρ) (from 0.072 to 0.161), and an increase in ellipticity (from 3.90e-3 to 1.06), indicating severe weakening in the C-C bond. The BCP is between C1 and C3 at the TS, but there is no BCP between C2 and C3, nor a RCP in the C1-C2-C3 triangle. The C3-O3 distance contracts slightly, from 1.41 to 1.36 Å, and this is accompanied by an increase in ρ at the BCP from 0.237 to 0.258, a sign change in ∇ 2 (ρ) from 0.092 to -0.026, and an increase in ellipticity from 4.89e-3 to 1.70e-2, all signatures of increased π character in the C3-O3 bond. While the C3-O3 bond is strengthened, the O3-H bond is weakened slightly, with a small decrease in ρ from 0.241 to 0.238, a small increase in ∇ 2 (ρ) from -0.528 to -0.484, and a slight increase in ellipticity from 4.88e-3 to 6.20e-3.
The bidentate C-shift reaction has a TS energy of 32.8 kcal/mol, the O2sl pathway has a TS energy of 28.2 kcal/mol, and the O1sb pathway has a TS energy of 47.6 kcal/mol. The stability of each TS is correlated to the ρ, ∇ 2 (ρ), and ε of the C3-O3 bond, reinforcing the importance of stabilizing the C3 moiety at the C-shift transition state. 
